Electrocortical pathology in a rat model of penetrating ballistic-like brain injury.
Traumatic brain injury (TBI) causes severe disruption of cerebral electrical activity and electroencephalography (EEG) is emerging as a standard tool to monitor TBI patients in the acute period of risk for secondary injuries. However, animal studies of EEG pathology in the context of TBI are surprisingly sparse, largely because of the lack of real-time continuous EEG (cEEG) monitoring in animal TBI models. Here, we performed long-term EEG monitoring to study nonconvulsive seizures (NCS), periodic epileptiform discharges (PED), and EEG power spectra following three injury severity levels in a rat model of penetrating ballistic-like brain injury (PBBI). EEG signals were recorded continuously from bilateral hemispheres of freely behaving rats for 72 h and for 2 h on days 7 and 14 after the injury. We report that the incidence of NCS and PED positively correlated with the injury severity, where 13%, 39%, and 59% of the animals exhibited NCS, and 0%, 30%, and 65% of the animals exhibited PED following 5%, 10% and 12.5% PBBI, respectively. Similar correlations existed for the number of NCS and PED events and their duration. NCS and PED occurred either independently or in tandem. Longer NCS durations were associated with larger lesion volumes. Significant EEG slowing evidenced by the EEG power shift toward the δ frequency band (0.5-4 Hz) occurred within 2 h after PBBI, which resolved over time but persisted longer after greater injury severity. In contrast, decreases in higher frequency power (i.e., 30-35 Hz) remained depressed throughout 14 days. This is the first long-term cEEG study of the acute injury phase in a rat model of severe TBI, demonstrating common occurrences of clinically observed electrocortical pathology, such as NCS, PED, and cortical slowing. These EEG pathologies may serve as critical care biomarkers of brain injury, and offer clinically relevant metrics for studying acute therapeutic interventions.